The objective of meat inspection is to promote animal and public health, by preventing, detecting 13 and controlling hazards originating from animals. With the improvements of sanitary level in pig 14 herds the hazards profile has shifting and the inspection procedures have no longer targeting 15 major foodborne pathogens (i.e., not risk-based). Additionally carcass manipulations performed 16 when searching for macroscopic lesions can lead to cross-contamination. We therefore 17 developed a stochastic model to quantitatively describe cross-contamination when consecutive 18 carcasses are submitted to classic inspection procedures. The microbial hazard used to illustrate 19 the model was Salmonella, the data set was obtained from Brazilian slaughterhouses and some 20 simplifying assumptions were made. The model predicted that, due to cross-contamination 21 during inspection, the prevalence of contaminated carcass surfaces increased from 1.2% to 22 95.7%, whereas the mean contamination on contaminated surfaces decreased from 1 to -0.87 23 logCFU/cm², and the standard deviations decreased from 0.65 to 0.19. These results are 24 explained by the fact that, due to carcass manipulations with hands, knives and hooks, including 25 the cutting of contaminated lymph nodes, Salmonella is transferred to previously uncontaminated 26 carcasses, but in small quantities. These small quantities can easily go undetected during 27 sampling. Sensitivity analyses gave insight in the model performance and showed that the 28 touching and cutting of lymph nodes during inspection can be an important source of carcass 29 contamination. The model can serve as a tool to support discussions on the modernization of pig 30 carcass inspection.
INTRODUCTION
The main objective of meat inspection is to promote both animal and public health, by 35 preventing, detecting and controlling microbial hazards originating from animals. (1) Although no hot water (i. e. 83 °C). Washing of hands and cleaning of the hooks are unusual or don't follow a 119 clear rule during meat inspection and have therefore not been considered. 120 2.2 Mathematical model 121 The model can be written as a system of five difference equations as given below (1). It 122 describes the changes in the concentrations in the five components for consecutively slaughtered 123 carcasses i, before inspection (stage S-1) and after inspection (stage S). Variables are listed in surface or lymph nodes (Ac=C, O) with equal probability (50%). Also, the three areas on carcass 142 or lymph nodes are considered mutually exclusive: the worker does not touch the same carcass 143 area with his hands as the worker cuts with a knife or holds the carcass with the hook. * Estimates for the medium size of these areas, author's best guess. surface. If the transfer probability from hands to lymph nodes ( , ) decreases to 0% using x = -290 1, the lack of bacterial transfer from hands to lymph nodes leads to an increase of the amount on the hands and a subsequent increase of transfer to the carcass surface, leading to a small increase 292 of the mean to approximately -1.45 logCFU/cm 2 . But when the same parameter is increased, the 293 mean decreases because the cells transferred to the lymph nodes can no longer be transferred to 294 the carcass surface. Both transfer probabilities from the lymph node to hand ( , ) and to carcass by the hand 300 ( , ), show similar results below the baseline, but , keeps increasing the mean until x 301 approaches 1 ( , = 100%). On the other hand, , has a peak when x is close to 0.05. There is 302 a peak because, at some point, the transfer from hand to carcass gets so large that the 303 concentration on the hands gets too low. Once a large number of bacteria are transferred to the 304 first carcasses only a few bacteria are transferred to the subsequent carcasses, reducing the mean 305 concentration without relevant effects on prevalence (Fig. 5 ). As the , keeps increasing, 306 bacteria get even more concentrated on the first carcasses after hands contamination, reducing 307 prevalence compared to the situation with a lower , (Fig. 5 ). As the mean log can be 308 calculated only for contaminated carcasses (i. e. one or more CFU), the reduction of 309 contaminated carcasses leads to increases of the mean (logCFU/cm²) when the x increases for the 310 variables , and , . Table IV shows the mean of the means (µ) logCFU/cm 2 , its standard deviation (σ) and mean 324 prevalence on carcass surface 'before' and 'after' inspection in the multivariate sensitivity 325 analyses. The first scenario shows the baseline for comparison proposes. The second and third 326 scenarios present a stress analysis to verify the model performance. As expected, when transfer 327 probabilities are set to zero, the outputs 'before' and 'after' were the same. Also, the absence of 328 sources of contamination results in a completely uncontaminated scenario after inspection, 329 meeting the null contamination set by the parameters. higher initial concentration on contaminated carcass surfaces ( 10 [ ,( −1) ] = -3 log10 CFU/cm 2 ), 339 increased the mean from -1.6 to 0.64 logCFU/cm 2 and the mean prevalence to 96.7%. The 
Multivariate sensitivity analyses

330
DISCUSSION
354
We developed a generic mechanistic model to assess the effect of cross-contamination during pig 355 carcass inspection, which can be applied to different hazards for different inspection practices. 356 Its performance has been studied for one inspection step, using a Brazilian data set on contamination in Brazil and this information is essential for a realistic assessment of the impact 365 of meat inspections practices in the country.
366
With the inputs used, the model showed that the meat inspection leads to a redistribution of 367 Salmonella over the carcasses, which implies that many more carcasses become contaminated, 368 but with (very) low numbers of bacteria. In terms of prevalence and concentrations we found an 369 increase in the surface contamination prevalence with more than 90 percentage points through 370 the inspection process and, due to the increase in the number of contaminated carcasses, a 371 decrease in the mean of the mean log concentrations in contaminated carcasses. in slaughterhouse can be found as a function of season, slaughterhouse and slaughter day. (27) (28) (29) 
386
In the sensitivity analyses, equation (2) Where LOQ and LOD are limits of quantification and detection of Salmonella, respectively.
644
Applying this probability density function to each sample for carcass surfaces i in the study 645 from da Silva et al. (20) , the parameters (μ, σ and p) were assessed by the Maximum Log 
